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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
method for manufacturing a high-performance 
rare earth sintered magnet that has a small 
content of oxygen, high density, and an improved 
degree of orientation as compared with the 
conventional one. 

SOLUTION: In this manufacturing method of the 
rare earth sintered magnet, R-T-B based (R is 
at least one type of rare earth elements 
containing Y, Pr contained in R is 50 atom.% or 
higher, and T is a transition metal containing Fe 
and Co) alloy coarse powder for the rare earth 
sintered magnet is ground minutely to an 
average particle diameter of 1 to 10 )im in a 
non-oxidizing atmosphere, and the obtained fine 
particle is collected into the non-oxidizing liquid 

for manufacturing slurry. In this case, the non-oxidizing liquid includes at least one 
kind of oil selected from mineral, synthetic oils, and vegetable oils, and lubricants 
comprising at least one kind selected from monohydric alcohol ester of fatty acid, 
monohydric alcohol ester of polybasic acid, fatty acid ester of polyhydric alcohol, 
and their derivatives. Then, the formation is made by the slurry, and the obtained 
forming body is subjected to deoiling, sintered, and then heat-treated. 
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J: 0 W S L> < «o.oif*8l%li(T©^?gtt*'x#H 

fb-r -So i«iamif»©^i^^SW 1 ~10</ mAWS L < . 

3-6 Mm^SUfJWSbtio ^iil^aS^U nm^mvit 
mii<DmWn^A^A^^ <i&TL. lOu mmVitiHcRl^ 

O-SOCC. K^gifl3.3Pa (10- ' Torr) WTrsO^WW 

jjjS< — ."^.Ji^i-cfeor j;c^„ ^/-cia.BPa do" ' To 
rr) «T-c^a*^6 3oo'c s r®#aa)g4io°c/^w 

T. .t^J^tf^ L'< »5°C/^5•WTi•r■SMtt®®*j!iS•r 
C <h {C J: o r «>mtt3!>^i^*cl: < tf 
[0015] atjgtt. ^fSttXtiffl^Jtti or. KttS 
O'JiKfl^tt©,'**^ 6 . ^a,>^.*i350°CUTCD ^ (DAi J; l 
XSa©il(tt)9f A5iocSdi(T© ^> ©Ai J: < , 5 cStWT© 

[0016] «T. HJfe^CC j; 0 *^B^*iil«-r 40 

(SlJte^^l) *fi%-C. P r : 29.5%, Dy : 1.0%. 

B : 0.9%, C o : 2.0%, Ga : 0.1%. C u : 0.1%R 
imm: Fe *^6ii:^R-T-B^^#fIta?:, mm 

tt (*^) ffid°d« : m*X-/^•-•y;^PA-3 

0) 4i«c|Bli|XUX^y— ftUfco T*^S[a«Svmpa 
tecttiJ U — tf - llI*rSf«[S^7ejil^SI» ( ffifd« : 50 



iRpga 2002-164239 
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PX • P- FX) (.CX'OmM^^fc, ;XU-Cl#6n/cX-5' 

SR. : 29.ssasc. :t n'>^-^9'^i' : o.iosatsp 
iu/c, c;©x-7 ';"?:ff«©^M+i'b'7=--f ccaA 

L. SB(fiHSS*IK»9[ : l.CM*/in (I3k0e) , ^mKt> : 98M 
Pa {l.Oton/cnf ) <D^f^vmmm<DEE^mB^ni^\ 15 
m m X 2 5 m m X lom m (DMi^itiKfOmM ^#/c, $ 
/c> ge[^:^[Sl« 1 0 mtn2?^[^i U/c, C©fiK?f$f*©^ 
S3S«*3.#,ft(fsiSl|{cJ:0i'J«L.fc„ Ajte. mm»<Di 
5m m X 2 5m m ©M7i^±TffliC -S cfc -5 Kft {f li^il^© 
?&*CC-fe , lOm m©2(C WCCttllE L 3 ,#.ffl(f % 

L/<::SI]©fiS;jf^^*?:*^^66.5Pa (5X10- ' Torr) , 2 

oo"c©^fr-C3Bt^flniftL.riir*L. -Xi^viammn^ 
no5o°c t -c#® L- . > -eio5o°cr 2B#fflM$ b r «l 

3>#HMctJ-C9oo°c-C2B#rattll^L., :'Xc>-c^SSr,m 

<^-r-5»i;XI^Mffi*tft.\ iKt^-CT;U::i>#Ha*-C 

48o°c-cifl#rBltt»wiL-. :'XCir^s$-ci^-r-5>»2;Xl^ 
«!ia*tTC\ i^lOmmll©R-T-B5SMifeeSS*f# 
/c„ f#'E.n/c«gM«5*7mmftCCtt]IL. l^^ttS'l 
^fl9IS*4<!: L/c„ i);CC, (20°C) (C*sC»ril.9m/m 
(ISOKDe) ©>'<;UX)SlS*BUgei^i(S4©S*14ft^:^«C 

/tn© ^ X ei© ^ entti L i 3? ©e{ b©?S 3 ©S^fii 

(47C1.,, ) ^3S«!>. Kl^lK* (Br/47ri.,, ) -C^« 

®*W^**©^*ffa^« 1 {C^n-To 
(Hi!rS«^2~4) :tb-Y>^^^iU©f<;*>0 4CX7"r 

-x^;U-N + >-;l,;§:g./7ggftnU /c^^l-tt , H li |1J 

a(cL.rS3M©x^ "j-^f'PKL.fc, «P4^c©x^ >; 

-^fflC^/cWJI-ltlliSt^l iPIil(CL.rSR-T-B^^ 

(tbise^ 1 ) u-r ^)i'^mm'^Tcc. mmmi 
1 ic9ik-r. 

ammZ) :*-H'>^^5=-;KC#;ir, IIJgC^l©X 
^ U -{C:t Ix-Y ;l'T;l'n-;U*o.iafi§RSJjnL'/tW5^ 

(jujsw 1 <tisi^©^)ii-cR - T - BmmmmE=s:iipm 

(l:btSM3) :tU-^>i?^5^;l/{CS;^.r. ^)fem©X 

mm 1 <!:igii©^)Br R - T - B^mmms^imLm 
ffib/c Mi^^^i«c^-r„ 
(j:b«?«^4) ti'^^m^^fiicm^x. mmmi<Dx 
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mmm i iPi«©*iH^R - t - B^jmrn^^imi^ 

[0017] mmmi<ommim«.ittmm i (mmm 

mam) ictt^-c^^m^^^xm^m.±rj:A.i^mm^m 

<B) -C^jO. ffittSfct-t^iS^C'S. (W5C-COO-. - 
OH, >HH^ ) , ll)»0>liaO'i:t*S{«!2. 31)^P>m^ 

2. 3 r ttt i-rn *> ffir&iat (Br/47ci... ) 



C7) !RfM2 0 0 2- 1 64 23 9 
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t^*i^tC«Se[^iI)S (Br/4 TCI.., ) CD5fcS*i|Se* 6 n^^c 

^{CfiffilSJES (Br/47CI.., ) ifi^^tl?>i>(D(D, «M* 

[0018] 
[«1 ] 







mmm^ 
(«) 


Br/4 JIT I»„ 
(%) 


(BH)max 
(kJ/m *) 
(MQOe) 


iHc 

(MA/m) 
(kOc) 


mmm 

iwt%) 


^m 

(MPa) 






17 


96.6 


377 


1.26 


0.067 


0.81 


1 








47.3 


16,8 










17 


96.2 


374 


1.26 


0.067 


0.81 


2 


wan 






47.0 


15.8 










20 


96.7 


377 


1.27 


0.067 


0.79 


3 


«x -f 






47.4 


lfi.9 






mnm 




25 


96.4 


375 


1,26 


0.068 


0.79 


4 








47.1 


15.7 












95.1 


361 


1.27 


0.065 


1.34 


1 








45.4 


15.9 










17 


96-3 


373 


1.20 


0.068 


0.34 


2 








46.8 


IC.l 






it^m 


i\fAh 


17 


96.0 


373 


1.18 


0.089 


0.37 


3 


7V/ 






46.8 


14.8 










1 


96.2 


363 


1.17 


0.066 




4 


m 






45.6 


14.7 










22 


96.6 


378 


1.17 


0.093 




5 


m*n 






47.5 


14.7 







[0019] «T{Cffe(DilJfet?l|iLrWS7?tt*Wr 

(mmm5 ) mm%-c. j^Wf&^mi&A^ p r : 30.2 

%. Dy : 0.3%. Co: 1.6%. C u : 0.1%. A 1 : 

0.12%, Ga : 0.08%. Nb : 0.18%, B : i.O%ac>' 

vr-) 1 ppmWT omit) ©T7Urf>^ 

^f^Sbfco ccDx^';-;Sr0i©x^';-^«ai5 

iy'J^'if- (0^#B5) -CTF*3#, T-^-k^jt:^ b 
1- 3 ©JSffijfifi^fiS ( T^-<>^ 2 (D±m 

»i;-r±#b. +f i^T^-f 3(c3T«jil<D;^^ y-^^a so 



m) -ci^s-ar+f ff--< 3A^6gi^?sc>fcf*. ftjA 

*^:^[^iI«Cl.0W/mC13kOe)©K|S)^t»^enJ]nb^c*S6± 
^09=- (aTK^-BS) RC^F>'^•>9^2{CJ:•^98MPa ( Iton 

-fe y > h JiKff^^^Srff fc. JWP*« 1 i l^^iCC b r 

-C^felMUl 5 um<Dj:.yr^^>'mmm^^-7-^ >t^L 
tcm3iCfik-rmi^T , =2.8nin, S$L, =80.0n»n, 4J 

^c^i^e, =45" &mm(DR-T-Bm^r 
- -fe > h esso^tf fc„ jjnxHifOBuia^w© L , 

ro^>ia[ (Br/4 7C I max) *i^-C*ofc, T-^'-fei'y 
?a(20°C)t?^bfcM^. IBlfilJK (Br/4 7t I. . X ) 



(8) 
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= 96.S^. iHc= 1.27MA/mC16.0kOe)SU''CBH)iiiax= 378.1 * 
kJ/m' C47.5MGOe)il,i^iSSt/»ffi[/!)iff etlfco X. 
7.54 M5/m' (q/on' )-C*f3, ffiHS«ti0.14*«%, 

X. i*f4*a^mm(**)**©X»[H|}ff$IHCRU-200BH)CC 
H2>);hO, 2 0 -e^£S?£(Cj;OX^[p]ST (CuKa 1 
i^; A =0.l5405nm?:«effl) L/fciKi«, i^caJrf-i' 

«itit?*-sR2 T, 4 Bm^mmt^'ma), 20 = 2 

9.08" ©(004)ffl. 38.06° ©C105)ffl, &0'44.34° ©(0 
06)dH"C*0. C006)ffi*>6CDXIilHl*Tf-5'?aa[ : ICOO 10 
6)*100%iL/t:, I (105) /I (006) =^0.66V$}-o 

(*jfe0ti 6 ) + -f tT- Y 3 ©;i;?(^&c>.x 7 'J -©5tais 
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«, »M^:?3t4#-SJ:/3fSjCDfidfa]S (Rv/Ak Imax) =9 
6.4-^96.7%, iHc= 1. 23^1. 25m/ma5. 4-^15. 7kOe). 
CBH)max = 376 . 5~ 378 . 8k3/m' (47 . 3~ 47. 6MG0e) i C ^ ^ 
ilSt^Mm^tt^rWU. miSli7. 54 Mq/m' (q/cmM r 

Kl^fi«o.i3~o.i4Sa:%. ^^iio.06Sa:% 
2ii>'^««0.02'-0.03lB«%r*-ofc„ X, iliS{!^5 
©«^<!:|5l#(CL-CXl»0JfUfcite*< I (105) /I 

(006) =0.67~0.68"C*>ofco 

( J:l:$S«^ 6 ) tmm 1 ©X 7 - i L 

6 i|oI«ICCj«fi5iS^ft*affl L . T = 1.0- 
4.0inmCDR - T - B3^«5§Mr - -fe > h S5fflBj£fg 

[0 02 0 ] 
[«2] 





L , (mm) 


T , (mm) 


5 , 




7 2 


1 . 0 


5 5 


2 . 1 


4. 0 



[0 0 2 1 ] fc{TCC7-:^T;uS:/3tt*wrs, R-T- 

(Hap) ^^ft 3 -tit:, itl^S^JCg,? L, =65nim, 

2 =2.5itin, 62 =40° RO'*3©rtS*W"r^ia4(D 

^yrji'^/jfsjosersjis (%) i©M<?^^i«3«o/c„ 

5«ti-rn*>ft01:b (Hk/1Hc) *i'87.5%e-C*0, IHc 
E*l.im/mC14kOe)^-C^)(3 , ^*S(3:0.13— 0.14fiS% 

■c*0, 0l^«o.o5-o.oaKa%r*o, ^a«o. 

003~ 0 . 004Sa%-C * -> o 

[0 0 2 2 ] 
[|R3] 



30 



f'jS (mm) 


Hap 
(kA/») 
(kOe) 


i%) 


100 


708. 3 
8. 9 


92. 6 


50 


612. 8 

7. 7 


92. 2 


30 


461. 6 
5. 8 


91. 9 


10 


310. 4 
3. 9 


91. 7 



40 



50 



[0 0 2 3 ] ^XCC, ^^^TJUU >^^CD^WC'OCit:^ 

(*teC^8) *S%r. iSiS5tffi^:0^P r : 27.4%. 
Dy : 3.1%. B : 1.05%. Ga : 0.08%. Nb : 0.2 
%. A 1 : 0.05%. C u : 0.13%. C o : 2.(^oRzm 
a5Fe>0>6^CSR-T-B mmU^Mm ( 320^'r>ar>':? 

^mmmmnppa^m atmtt) (Dr;urf>#ffl 

i-lff"^ 59C32'-rX5XR(>^52(DF*9S : 60rmu nr53(D51' 
S: 45mn. ^-^^ X^]^telH5 51(DS3 : 34fmn. ^iWggS : 
34nin)CC5£tBf^. : 78 . 4MPa(0 . 8ton/cm' 

^>^rJU:?5'fSl(Dffif^gaSi©?ftS : #^238.7kA/mC3kDe)(7)^ 

^SjOi#tl66.5Pa(5XlO' ^ Torr). 200^CCD^frn 
ttll^DBittf^. ^^Cir|^^4.0XlO- ^ Pa(3Xio- ' Tor 
r). 1060'C(D^ff:r 2 l^ra«tef^MfiSt?J^i|JU^«^ 

*f#/Co ;XCc.rjuri>#Hm4Jr9oo''criB$^ttmi^ 
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f--f>yL/, i1-S48iiin, f*iS39iimSCI^SlJnin<D-7J>T 

J; -5 {c . i'fm V fc Btrie ^ r ^i' >; > 7ocDffi,^©& 

6 5 mniX S3 ::^|Si6 . SiiinX ^ i?r ^U:^|SI2 . 8 

r05 ( b ) (ciOSiBJ-r-s, ^yr^i'';>y7ocDct3/C^ 

tCjff^RT (S32.a™) J^i>-iti^SU (S32.8tnm) 
<, ;X(C. S^RPSCC^fCCiiMTU (SSSrtm) 

Lfr(D;5^:*jr6i«^^i^r-'L' >; > i^7(XDS3:&i^n-cA «3 6.5tn 

<io*:^^«r^DmLfcf*, ^tie>©#:ftrifii«r— i!i:s■a■ 
r *^ * to-a-fcii::^l**^;rc, c ©a^ar^w: j: 0 TK© 
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^*ISIS-rn«J:t,^, B9^ilC:)^#:©^S (20°C) {c*j 
i-t^^yr^u^|Sj©^aa*2SS (Br//) , fi^5e:fjiH 

c *A * ^l' ¥ CBH)inaxSO*;ft ff^it (Hk/i He) ^S'JS 
L/fc. Hk{*4;cl (fi8fb©?ffi3) -H (Eat#©?^3) A 
«©»2|RKCC*iC^r, 0.9Br{CtBS^^H©fii-C* 
Hk;&iHc-C8^L//<ift^i;h(Hk/iHc)W4 7t I -H^SS 

10 tt«!©*g?^14^n^Lrt-i^o ycic. MI2ilL^f*©Sa 
(20-C) {Ctet-t5ft3:^|Sj©J^afia^25lK (Srx) «ri"J 

ffif*. [ (Br//)/CBr//+ Br-L ) X 100C%)]{C J: D^af 

^^i>T;U';>y©ffiini)S**e6/i:. X^i^T^u 

(omm^m^btco *ti6©iij^ii***«4{cmt-„ x 
B>rgB^i>T;b";>y©B^«»o.i3M«%t?*o. ^js 

/Co 

(ittst^ 8 ) mmm s ©x ^ >; - tcg^-c . tmm i © 

fc. Mm**4{C^^, 
[0 0 2 4] 
[«4 3 







Br// 


iHc 


(BH)Bax 


(Hk/IHc) 








(T) 


(MA/b) 


(kJ/n 3) 


(^) 


(%) 




(«/€«') 


(kG) 


(IcOe) 


(HGOe) 






mmm 


7. 55 


1. 27 


1. 46 


303 


96. 4 


8». 9 


8 




12. 7 


18. 4 


40. 0 








7. 5$ 


1. 20 


1. 46 


267 


87. 1 


85. 2 


8 




12. 0 


18. 4 


35. 3 







[0 0 2 5 ] ^4©j|SS0ll8Rt>'J;t«^8©ifS*J:D, 30 
*^?§ccj:n{i. S5)K*i7.5oq/cm' Wi. 5ixT;u::^i^ 

JC*JttSBr//*il.20TC12.0kC)J:0SF< , iHO&n.40fcW/ 

m(14k0e)fi. CBH)max*^270kVm^ (34.0MGOe)JW±. (Hk/ 
iHc)*^87 . 5%W±. R^'^iyT ^I'^^I^CSgl^lS^^ss . 5% 

>; > y*«#t-C # -S C i 3&sto*^ .5 . 

[0 0 2 6 ] (||;teF!l9) 02©fi)c^«©a^-l':^51,52 

^fSffjfl: >i^©F«3Sir^*^ft$-a-. ^j^r;neifins 

T^L-'j>5'©F*iS:R.j>'^yT;u:/3[S]©ffir^a (%) ©W 
/J^ 3 < ^ ifST-r -So 9 T ;i' > y ©rts*5ioom 

m© t #©Hap(*^*&^*ffl«KSLO*n Jl'©^^(C J; 



•3 716.2kA/mC9 kOe)*5±pg-C* ofco MfefSffJf* 'J > ^ 
©rtS- il-S (i1-S = (^S+C8~20mm)) Z5L(>*Hap>&^ 

c \ « 5 iCTT^-rrts^s^w-r ^ ^ i-^ t;i- > i^^rf'PM 
Lfc. «5©Ci-rn©^i?TiL'';>i^^>^i^r^L':^ia]© 

i^^n^itt (Hk/iHc) »87.5%a-C^)f9- l.om/mCMkO 
e)a©iHc^WL/. K«fi»0.14~0.16«l%-C*9. 
l^*{i0.04~0.05*«%T*D, ^#SS{3:0.003~0.0 

04fia%-c*ofc, 

titmmM 9 1 l^«cc ur* 5 ©^ i^r >; > i^^im 
V. ^J-?T^i':^|Si©ie[aiS**j5fc, 

[0 0 2 7 ] 
[^5] 



(10) 



17 



2002-164239 
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Hap 
(kk/m) 


:7 V 7 y -X y 


ei4iK 

<%) 




itttM9 


7 16.2 
9 


1 0 0 


9 2. 9 


8 5. 3 


6 3 6. 6 
8 


5 0 


9 2. 7 


8 5. 1 


4 5 3. 6 

5. 7 


3 0 


9 1.7 


8 5.0 


2 7 0. 6 
3 . 4 


1 0 


9 0. 1 


8 4. 9 



t0028]*5J;D, *SIB^K: (Hm^iooim 

[0 02 9] (SiJteFil 1 0 ) ii!JiX:»«R£*5 

P r : 30.2%, D y : 0.3%, Co: 1.6^, C u : O.l 

%, A 1 : 0.12%. G a : 0.08%, N b : 0.18%. B : 
1.0%&5>'5^SH5F eA^P>tj:^R-T- B^M*4^MIt& 

(320^-y->.trvr -) ^mmSkm.^^ i ppmWT («^«tb) © 

tJilJfep!! 9 iiD«|{c L r ^ vryvmij^^m-r^w^ u 
(j:bf5^ 1 0 ) mmm 1 oo^if&^fflc^/cw^i-tJtbK^ 

1 iPl^tCUrX^ U-*f^Lfc» CCDX^U-*ffl 

jijtew 1 0 'Bojmm 1 0 vi'^nLtc'yi^rji' v > 

mmm.m^mmb. ttmutc. ^©fSrS, njfe^io© 
'7iyT)i'}y t^<DmmMmmtmm i o © ^ r ^i- >; > 

[0 0 3 0 ] WTiCffi^:^f4*WrS, R-T-BI^«l 

(ustpii 1 1 ) mm%x\ mmm^mfmp r : 29.5 

%. Dy : 1.0%. B : 1.05%, Ga : 0.08%, Nb : 
0.2%. A 1 : 0.05%. Cu : 0.13%. Co : 2.0%R.C> 
F ei)^hrjii,K-T^B mWM^M&m ( 32 O^^^r^^^r 

m^^m t- ^ fciii5'H*iiJifeF« 1 1 mmic l, -c x ^ y - ^fp 

fT- -^ 59iC5StJKf^. fSffJEE:^ : 78.4MPa(0.8ton/cm' 

- • Torr). 20O'C©*fl=-cmft1ftggiU)KiAf^. Sll^r 
iK>4.0xio- ^ Pa(3Xio- Torr). 1060°C©^-C 2 B# 



10 



20 



30 



40 



^H^4J-e900°C-C 1 B#rattl^f^550'CST?^iaU, '^X^^ 

fl30nmRUfiS3 llmiKD 8 @©@^^f4?:Wt--Sffi^:)^ U 

U, -e©l^*4?:a^«a(t*)»©X^llIJ?^g(RU-200B 
H)(CH2->hb. 2 a -a7£«r4KJ;0X|g|iIWUfc„ X 
^WCtiCuKa 1^ (A =0.154O5nni) ?rffiC^ ./-f 

Ol^iUfco i^c(5IJffc:"-i7«i+i-C*-SR2 T, , B 
M^iSraibal^©. 2 a = 29.08° ©(004)M. 38.06° 
<D(105)n, 44.34° ©(006)B~C*0. (006)M*^6©X 

^m^Ttf-i'^a : IC006)4lOO%i Ur, I(004)/I(00 
6)= 0.33. I(105)/I(006)= 0.63-e*->fco *S^^^6 
iCn'^-r. B o «SaffigPt?©«ffi^ffi]S^^?;-r„ 

(j:b«?w 1 1 ) mmm 1 1 ©x^ y-tcs^-c, tb^^ 
tc. ui^^itmrnm i i tmmiatmm 1 1 (Dmmijv > 

t'-i'tJUSi^aj 1 1 <t|S]^<-c*-cfc*s. 1(004) /I (006) 

= 0.32. I(105)/I(006)=0.96t;4)ofc„ RWiM^^yj 

%r*f), ^»*0.003a«%-C*-3/i:„ 
[0 03 1] 
[«6] 





mm 


Bo 


1 (105)/ 






(T) 


1 (006) 




(g/c«0 


(k6) 






7. 53 


0. 55 


0> 63 


1 1 




5. SO 






7. 53 


0. 52 


0. 96 


1 1 




S. 20 





50 



[0 03 2 ] m4(Dmmm 1 1 i^mmm 1 1 ©m^j: 

0. *^B^KJ;ntf, ffi^:^t±*WL, ^a^i^/.SOMq/ 
tn' (q/ctnM «±r«,t), U > i'^^SM-C©5SW^ * 
^C'gP^fflag-CSIfi'lLfc (105) ffl*^6©X^lEl*ff- 

i'^aa: I (105) t (006) B*^6©X«8|plJff->7^ 

)g: I (006) t<Ditm*K I (105) /I (006) =0.5 
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[0 0 3 3 ] iD.ric±m^^m.:^m^—y3f^icmf^o 
mmmi 2) mmmi tmmicurx^ >j-^imL 

59(15'' -rXSlR C)^52(DI*}S : 60im : 45m 

m, ^^-rx^^ttSPsicDSS : 34nin. ^^S^S : 34mn)C<: 

^mm.. fS,mE.t) : 78.4wa(o.8ton/cm^ :)^i!'mmm.y3 

Ifll^ — :^f[S3(C{dSia?aS : 1^238. 7kA/m(3kDe)**>W/l:^ 
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CMtbB] ^^19^1;^ 170 C2007. 1.17) 
[^^^iiE 1 ] 

9-99. 5M«^ : o.oi~o.5M«gist '^2>^H-C2fe^m*:s 1 Kmm<D^±m'mBm^<^^ 
[m^M3] R iRitY^^t^^±mjtm<^^>^£ < ti> \mr^$>^ . r^- 

d^a^^ P r ^^~50ig^^%J^±T^-S>) :28~33%^B : 0.8~1.5%^C o : 5 %J^T (0* 

^tf) u :o.3%i^T (o^r^tf) Rr^nm> : F e<D±^^j^. ht/K^fwrnm^f 

Um^^m-t^R-T -B^. (TliF eXHF eTLVC o-^^^) m^m^Eyb^i^^ - 
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[»^«6] (105) ffl^^f,<7)X^lll^l;-i5'^J^ : I (105) h (006) ffi^^^(7)X 

||iawe-i^5^J^ : I (006) h<r>)iL'^ii'^^ I (105) /I (006) =o.5~o.8-e$,^li^:« 
^t>^V X i)^'iOM.l'%VX±.^1h^) : 28~33%^B : 0.8~1.5%^C o : 5 %J-:^T (0 «r 

-^tf) u : o.3%a:jlt ( 0 ^^tf) Rvn^ : f e h VKyfaimmyf 

Mm^^yk-t^^V! -T'-R^ (TliF eXi±F eJtV^C o-C^^) jgg^Mg^^'b^^ T- 

];^'^i3^100(ml.Xrx-$>^ . ^^7t)^7.50 Mg/m^ (g/cm^ ) Jii.±t?^ ^) . MWil^^if 
^^«iJiHQ5^1.1MA/m (14k0e) J^±-e$> ^) . It^ 9 ^ T ^w:^fR]<JO^S«^^J* 

(Br/^ t^i^'T)i^io\^i^mm^j:&^:fo\^<^nmmM^^m (Brx) ti?^ii-r^Berfi]jK : 

[CBr//)/CBr//+ Brx)Xl00C%)] mS.5%iiX±^$>^ t^S^Wit-r^T - ^ -tt^ 

[m*]glOl R (R{iY^'^tf^±«7n^(75/i>^ < <b ^ iaT*'9> R 

ICtfei^^&P r >?>>'50M^%Jii±t?*>;5,) :28~33%, B :0.8~1.5%, Co : 5 %J^:J>T (0 

^^tf) , Cu :0.3%ixr (o^-^tf) : F e(75iS^^. /ihi^K^'sfmm 

^j^i^»^;&-r^>R -T-R^ (T{±F e 3Z:tj:F eJkV^C oT^^ih) m^m^ 7^-^ h i> V 

MlfiV >i7a©<7)^M*l^Mt^orj^at}l^-^^?tt-2>m^«7!)>'0.3%J.J.T-eafb*9. ^"^-^ 

g/on^ ) Jiil±-T?*^}. MU^WMJj'i^cij^^.im/m (14k0e) J^iTS? t9 . ^i^l^i^tt^^ 

vT;v:^r&]<7)^M^^-j^ (Br//) t 9 vT;w:^rfi]i^SiI'^«^:^rfi]<7)^®a^?^J^ (Br 
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mLfc (#«=^273i337###Ha) ^ z.<7)mm.-fti-txiimtmn^Rv^m.m'i^^mmm 

^m.mzm^-r^i&7KmKU^^ii^o x^xR-T-B^mmi^^coRjtm^'M'itmt 

±mv y^^um±K^^^iii>o ^m^±mM:<D^wmf£m^i)M^^\^^5yi'zifR^^m 
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'J^^Ki: < tii im) RVn^F e (lat, R + B + Fe +M, =100M*%i: Lfzm 

tL<. 28~31%5{)^#tcft? i H/^o R*5{)^'28%^ji'e(i^^c7)iHc^#Jbti-f\ 33%,i'e 
{iB r t <<g;T-r^o ^^<=0B r ;^a=eef6]^^#^/^i6H, RfiPr, X^iPrtD 
y> XfiN d tDy tP r Rlf^^'dJ m^R f&'d':d' ib^j: i> ^ t t Lv^o HP R 1- *b -& 
P r ^•SOI^.^yoJ.Jli t L> D y ^^1^0.3- 10%Hi- -S>c7);!)^'ftf^ Lv^o X R ^6 -!> P 
r ^90ir,^^%JiJl±t D y^#«^0.5~ 8 %tC-r'2)<7)7i)U I9ftf ^ H/^o Rt;d^a6'l>P 

L ^ ^ ee [R] ^ # ^ tL ^ ^ o 

B«{i0.8~1.5%^^'ftf ^ t < > 0.85~1.2%;^^'J: f9ft?^ Lv^o B *>i)^'0.8%^j^-e{il.lM 
A/m (14k0e) J^±(7)iHc?r#'l> ^ 5(>^'ffll|T* , B «^n.5%S-e{iB r t?)^* L < ^ST-T 

Nb. Mo. W, V, Ta, Cr. Ti. Z r R:fE i <7y^J.-^£ < t 1 Ut^'^ i>mWL 

IMA/m (14k0e) ll±<7)iHc^^'^LX'^^^ti)^'C^^o t/i^t, ^0.6%g^#-r<|> 

« -e iim%!W'\^ ^ 2fc A 1- -!> ^ ti I. ^ o 

7C^ (A 1 , G aRt/C ix(D^J^-^£ < ti> lU) <^^mmii0.01~~0.6%i)mtL\^^ 

A 1 -^^«{i0.05--0.3%-e^)^o G 3i<D^^KXy)'i»c^mMKm±-r^i)K Ga-^^« 
^ Lv^G a-g-^«{i0.05-0.2%-e^i>o C u coU*'m\liim'^n'^^WAtfiHcco\a]±K 

\^±-ri>i3K c o^^m:d^5%mxi±m^m'm^mm^£F e -c omij^^^ii. ^^^^ 

tiRa (Fe. Co) a 4 Bffi;6^'5i^fiK?tL-CBr:S.a=-iHc^^:^i; <-faT-r^o '(^feo-C, Co 
C 0 ^-0.5- 5 %R(fC u ^0.01-0. 3% ^^g-r^ 1= Kl.mVm (14k0e) J^±c7)^ig.<7) 

A 1 ^0.01-0.3%-^^ ?-^<g> tumti\^±K^^-r^t t iiK. ^MmM.&(Di£h'o 

MIS -e c7)^ aSgii fig s }rp$ij t . ?]^fi£ ^ iip$iJi- ^ c: i: *^"e § -5> o 

^Briiti^^?tL-l>i?^«{i0.3%JiJlT^^'«F^ L < , 0.2%\iXT:d^Xy)Utl.<. 0.18% 

^^^-e.Ssb^>r: t;!)^'T^§;6o R^ Fe: 4 B^mm^ft^-^^^m t-T ^m^<^m-^i^^ 

mtP r ^ Fei 4 B^iSM-fb-^tJ^T^ai^^J^ (7.54g/cm^ ) tci5^^7.50g/an* >Jl±5(j^'# 
ffl^i«^tl<^>^^ R»:^^'28~32%-C^^o^^»;!)^'0.002~0.15%<7)i: § ^ftf 
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1 V^:^. 2 T^^y^. 3 ^-vtf-r^, 4 -^.j^^-^ 5 ^ ,j _ ^ 
9 y K. 1 0 n ge§. 13 ^y^^ 15 X^V-W^mm. 30, 40 
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